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The mixing of scalar mesons is an open problem. In this work, the idea of the mixing of
scalar mesons will be applied to dibaryon system on quark level. By introducing the mixing
of scalar mesons, we dynamically investigate the structure of possible nonstrange dibaryons
in the chiral S U(3) quark model by solving the resonating group method equation. The
results show that no matter what kind of mixing is considered, the binding energies of
nonstrange dibaryons would become stable if reasonable parameters are used.
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1. Introduction
The mixing of scalar mesons is an open problem, since the structure of scalar
meson is unclear and controversial.1 Now we will apply the idea of the mixing of
scalar mesons to dibaryon system.
There are many works to study the dibaryon system.2–11 In this work, we will
focus the nonstrange dibaryon system on quark level. In 1987, Yazaki analyzed
systems with two nonstrange baryons in the framework of the cluster model. The
author considered the one-gluon exchange (OGE) interaction and the confining
potential between two quarks and showed that ∆∆ system could be bound state
because the color magnetic interaction between two clusters is attractive.2 In the
quark delocalization model, the authors studied the structure of the ∆∆ system
and found that this system is a deeply bound state.3–5 In the chiral S U(3) quark
model,6 the authors also studied this system and found this system is also a bound
state,8 but the binding energy is not as large as those in the quark delocalization
model. However, the mixing of scalar mesons is never considered for dibaryon
systems in above works. Therefore, in the present work, we would like to further
study these nonstrange dibaryon systems.
Among the quark models, one of the most successful models is the chiral
S U(3) quark model.6 In this model, the source of the constituent quark mass can
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be logically explained from the underlying chromodynamics (QCD) theory of the
strong interaction. Since spontaneous vacuum breaking has to be considered, and
as a consequence the coupling between the quark field and the Goldstone boson
must be introduced to restore the chiral symmetry. In this sense, the chiral quark
model can be regarded as a quite reasonable and useful model to describe the
medium-range nonperturbative QCD effect. This model has been quite success-
ful in reproducing the energies of the baryon ground states, the binding energy
of deuteron, the nucleon-nucleon (NN) scattering phase shifts of different partial
waves, and the hyperon-nucleon (YN) cross sections by solving the resonating
group method (RGM) equation.
Recently, using this chiral S U(3) quark model, the author firstly introduced
the mixing of scalar mesons into NN system12 and YN system.13 In Ref.12 showed
that no matter what kind of mixing is taken, the scattering phase shifts of nucleon-
nucleon system can be reasonably reproduced in the chiral S U(3) quark model.
Inspired by this, by introducing the mixing of scalar mesons and using the same
set of parameters used in NN scattering processes,12 we would like to further
investigate the structure of possible nonstrange dibaryons.
2. Formulation
The chiral S U(3) quark model has been described in the literature6 and we refer
the reader to the work for details. Here we give the salient feature of this model.
In the chiral S U(3) quark model, the coupling between chiral field and quark is
introduced to describe nonperturbative QCD effect. The interacting Lagrangian








where λ0 is a unitary matrix, σ0, . . . , σ8 are the scalar nonet field,and π0, . . . , π8
the pseudoscalar nonet fields. The LI is invariant under the infinitesimal chiral
S U(3)L × S U(3)R transformation, and only one coupling constant gch is needed
by chiral symmetry requirement.








Vi j = V
con f
i j + V
OGE
i j + V
ch
i j , (3)
where
∑
i Ti − TG is the kinetic energy of the system, and Vi j includes all inter-
actions between two quarks. Vcon fi j is the confinement potential taken as quadratic
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form, VOGEi j is the OGE interaction, and V
ch
i j represents the chiral fields induced
effective quark-quark potential, which includes the scalar boson exchanges and







Vπai j . (4)
The detailed formula expressions can be found in Ref.6
The definition of mixing of scalar mesons is:
σ = σ8 sin θs + σ0 cos θs,
ϵ = σ8 cos θs − σ0 sin θs. (5)
here the mixing angle of scalar singlet and octet mesons is θs. Three cases will be
discussed: the first is for no mixing, where the mixing angle is zero; the second is
general mixing where the mixing angle is θs = −18◦ introduced in Ref.,14 based
on investigation of a dynamically spontaneous symmetry breaking mechanism;
and the third is ideal mixing where the mixing angle is 35.3◦, which means that σ
only acts on the u(d) quark, and ϵ meson on the s quark.
Now we briefly give the procedure for the parameters determination. The ini-
tial input parameters are taken to be the usual values: i.e, the harmonic oscillator
width parameter bu = 0.5 fm, the up (down) quark mass mu(d) = 313 MeV, the














with the experimental value g2NNπ/4π = 13.67. The mass of the mesons are taken
to be experimental values, except for the σ meson. The cutoff mass is taken to
be the value close to the chiral symmetry breaking scale.15–18 The OGE coupling
constants gu and the strengths of the confinement potential auu and a0uu are deter-
mined by baryon masses and their stability conditions. The model parameters are
listed in Table 1.
3. Resonating group method (RGM)
Resonating group method is a well established method for studying the interaction
between two clusters.
The total, antisymmetrized six-quark wave function in orbital, spin, flavor and
color space is of the following form:
Ψ = A[ϕA(ξ1, ξ2)ϕB(ξ3, ξ4)χ(RAB)Z(RCM)]S TC , (7)
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Table 1. Model pa-
rameters. Meson masses and cutoff masses: mπ=138 MeV, mK=495 MeV,
mη=549 MeV, mη′=957 MeV, mσ′ = mϵ= mκ=980 MeV, Λ=1100 MeV for
all mesons.
Set I Set II Set III
θs 0◦ −18◦ 35.3◦
bu(fm) 0.5 0.5 0.5
mu(MeV) 313 313 313
gch 2.621 2.621 2.621
mσ (MeV) 594 491 559
g2u 0.785 0.785 0.785
auu(MeV/fm2) 48.1 49.0 50.0
a0uu(MeV/fm
2) -43.6 -44.9 -46.0
where ξ1, ξ2 are the internal coordinates for the cluster A, and ξ3, ξ4 are the in-
ternal coordinates for the cluster B. RAB is the relative coordinate between A and
B, and RCM is the center of mass coordinate of the total system. S and T denote
the total spin and isospin of the cluster A and cluster B, and the ϕA and ϕB are the
antisymmetrized wave functions of cluster A and B, respectively. The χ(RAB) is
the relative wave function of the two clusters, and Z(RCM) is the total center of
mass wave function of the six-quark state which can be choosen freely due to the
Galilei invariance of the system. The symbol A is the antisymmetrizing operator
defined as




where Pi j is the permutation operator of the ith and jth quarks.
Substituting Ψ into the projection equation
⟨δΨ|(H − E)|Ψ⟩ = 0, (9)
we obtain the coupled integro-differential equation for the relative function χ as∫ [H(R, R′) − EN(R, R′)] χ(R′)dR′ = 0, (10)











}∣∣∣∣∣∣ A [[ϕ̂A(ξ1, ξ2)ϕ̂B(ξ3, ξ4)]δ(R′ − RAB)]⟩ .
(11)
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Eq.(11) is the so-called coupled-channel RGM equation. Expanding unknown
χ(RAB) by employing well-defined basis wave functions, such as Gaussian func-
tions, one can solve the coupled-channel RGM equation for a bound-state problem
to obtain the binding energy for the two-cluster systems. The details of solving the
RGM equation can be found in Refs.19–23
4. Result
Now three different states will be selected. One state is NN system with L =
0, S = 1,T = 0, this is the only dibaryon state confirmed by experiment, we
call it deuteron. Other two states are from ∆∆ system: one is the state with L =
0, S = 0,T = 3, in which only the central force is needed; and another state is








AS TC |∆∆⟩ (12)
whereAS TC stands for the antisymmetrizer in the spin-isospin-color space.
Using the model parameters listed in Table 1, we dynamically investigate the
structure of possible nonstrange dibaryons in the chiral S U(3) quark model by
solving the RGM equation. These model parameters can give a good description
of the energies of the baryon ground states, the binding energy of deuteron, and
the experimental data of the nucleon-nucleon scattering processes. The calculated
Table 2. The calculated binding energy for three different dibaryons (MeV)
NN (S T = 10) ∆∆ (S T = 03) ∆∆ (S T = 30)
Set I 2.21 22.46 48.53
Set II 2.18 21.83 45.87
Set III 2.19 21.88 44.95
binding energies are listed in the Table 2 for three different cases. From Table 1
We can see that the mass of σ is somewhat different for these three cases, because
it is decided by fitting the deuteron experimental data of 2.22 MeV, the calculated
values are shown in Table 2. For no mixing (θs = 0◦), when mσ is taken to be
594 MeV, the binding energy of the deuteron is 2.21 MeV. For θs = −18◦ mixing,
when mσ is taken to be 491 MeV, the binding energy of the deuteron is 2.18MeV .
For the ideal mixing (θs = 35.3◦), when mσ is taken to be 559 MeV, the binding
energy of the deuteron is 2.19 MeV. From Table 2, we see that the binding energy
for ∆∆ (S T = 03) is about 22 MeV, and not changed much with the different
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mixing. Similarly, for ∆∆ (S T = 30) state, the binding energy is very stable deeply
bound state.
In summary, by introducing the mixing of scalar mesons, we dynamically in-
vestigate the structure of possible nonstrange dibaryons in the chiral S U(3) quark
model by solving the resonating group method equation. The results show that
no matter what kind of mixing is considered, the binding energies of nonstrange
dibaryons would become stable if reasonable parameters are used.
Acknowledgments
Supported in part by the National Natural Science Foundation of China
(10975068), Scientific Research Foundation of Liaoning Education Depart-
ment(2009T055), and Doctoral Fund of Ministry of Education of China
(20102136110002).
References
1. K. Nakamura et al. [Particle Data Group Collaboration], J. Phys. G 37, 075021 (2010).
2. K. Yazaki, Prog. Theor. Phys. Suppl. 91, 146 (1987).
3. F. Wang et al., Phys. Rev. Lett. 69, 2901 (1992);Phys. Rev. C 51, 3411 (1995).
4. H. R. Pang, J. L. Ping, L. Z. Chen and F. Wang, Chin. Phys. Lett. 21,1455 (2004).
5. X. F. Lu, J. L. Ping and F. Wang,Chin. Phys. Lett. 20, 42 (2003).
6. Z. Y. Zhang et al., Nucl. Phys. A 625, 59 (1997).
7. Z. Y. Zhang et al., Phys. Lett. C 61, 065204 (2000).
8. X. Q. Yuan, Z. Y. Zhang, Y. W. Yu, P. N. Shen, Phys. Rev. C 60, 045203 (1999).
9. Q. B. Li, P. N. Shen, Phys. Rev.C 62, 028202 (2000); Q. B. Li, P. N. Shen, Z. Y. Zhang,
Y. W. Yu, Nucl. Phys. A 683, 487 (2001).
10. L. R. Dai, Chin. Phys. Lett. 22, 2204 (2005).
11. L. R. Dai, H. Zhang, Y. Fu, Z. Y. Zhang, Y. W. Yu, Mod. Phys. Lett. A 23, 2413 (2008).
12. L. R. Dai, Chin. Phys. Lett. 27, 012102 (2010); 27, 061301 (2010).
13. L. R. Dai, Chin. Phys. C 34, 1459 (2010).
14. Y. B. Dai and Y. L. Wu, Eur. Phys. J. C 39, S1 (2004).
15. I. T. Obukhovsky and A. M. Kusainov, Phys. Lett. B 238, 142 (1990).
16. A. M. Kusainov, V. G. Neudatchin and I. T. Obukhovsky, Phys. Rev. C 44, 2343 (1991).
17. A. Buchmann, E. Fernandez and K. Yazaki, Phys. Lett. B 269, 35 (1991).
18. E. M. Henley and G. A. Miller, Phys. Lett. B 251 453 (1991).
19. K. Wildermuth and Y.C. Tang, A Unified Theory of the Nucleus (Vieweg, Braun-
schweig, 1977).
20. M. Kamimura, Suppl. Prog. Theor. Phys. 62, (1977) 236.
21. H. Toki, Z. Phys. A 294, (1980) 173.
22. M. Oka and K. Yazaki, Prog. Theor. Phys. 66, (1981) 556.
23. U. Straub et al., Nucl. Phys. A 483, (1988) 686.
